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Phosphate Coatings 



PHOSPHATE COATING is the treatment of 
iron, steel, galvanized steel, or aluminum with a 
dilute solution of phosphoric acid and other 
chemicals in which me surface of the metal, re- 
acting chemically with the phosphoric acid me- 
dia, is convened to an integral, mildly protective 
layer of insoluble crystalline phosphate. The 
weight and crystalline structure of the coating 
and the extent of penetration of the coating into 
the base metal can be controlled by: 

• Method of cleaning before treatment 

* Use of activating rinses containing titanium 
and other metals or compounds 

• Method of applying the solution 

* Temperature, concentration, and duration of 



• Modification of the chemical composition of 
phosphating solution 

The method of applying phosphate coatings is 
usually determined by the size and shape of the 
article to be coated- Small items, such as nuts, 
bolts, screws, and stampings, arc coaled in tum- 
bling barrels immersed in phosphating solution. 
Large fabricated articles, such as refrigerator 
cabinets, are spray coated with solution while on 
conveyors. Automobile bodies arc sprayed with 
or immersed in phosphating solution. Steel sheet 
and Strip can be passed continuously through the 
phosphating solution or can be sprayed. 

Phosphate coatings range in thickness from 
less man 3 to 50 (0.1 to 2 mil). Coating 
weight (grams per square meter of coated 
area), rather than coating thickness, has been 
adopted as the basis for expressing the amount 
of coating deposited. 

Phosphate Coatings 

Three principal types of phosphate coatings are 
in general use: zinc, iron, and manganese. A 
fourth type, lead phosphate, more recently intro- 
duced, is Operated at ambient temperatures. 

Zinc phosphate coatings encompass a wide 
range of weights and crystal characteristics, ranging 
horn heavy films with coarse crystals to ultrathin 
microcrystalline deposits. Zinc phosphate coatings 
vary from light to dark gray in color. Coatings are 
darker as the carbon content of the underlying steel 
increases, as the ferrous content of the coating in- 
creases, as heavy metal ions arc incorporated into 



acid pickled prior to phosphating. Zinc phosphating 
solutions containing active oxidizers usually pro- 
duce lighter-colored coatings than do solutions us- 
ing milder accelerators. 

Zinc phosphate coatings can be applied by 
spray, immersion, or a combination of the two. 
Coatings can be used for any of the following appli- 
cations of phosphating: base for paint or oil; aid to 
cold rbrming. tube drawing, and wire drawing; in- 
creasing wear resistance; or rustprocfing. Spray 
coatings on steel surfaces range in weight from 1 .08 
to 10.S g/m 2 (3.5 x Ifjr 3 to x 1CT 2 oz/ft 2 ); 
immersion coatings, from 1.61 to 43,0 gAn 2 (5,28 x 
10T 3 to 0.141 mm. 

Iron phosphate coatings were the first to be 
used commercially. Early iron phosphating soiu- 
dons consisted of ferrous phosphate/phosphoric 
acid used at Temperatures near boiling and produced 
dark gray coatings with coarse Crystals. The term 
iron phosphate coatings refers to coalings resulting 
from alkali-metal phosphate solutions operated at 
pH in the range of 4,0 » 5.0, which produce exceed- 
ingly fine crystals. The solutions produce an amor- 
phous coating consisting primarily of iron oxides 
and having an interference color range of tri descent 
blue to reddish-blue color. 

A typical formulation for an iron phosphate 
bath is <Ref 1): 



Compooatf Cotapwkio*, « 


Phosphate sal& 


12-13 


Phosphoric acid 




Molytufawuftfiftleralor 


0.25-0,50 


frr*tijmm Cam *^/*vuiloftie) 


a-io 



Basically, then, iron phosphate formulations consist 
of primary phosphate salts and accelerators dis- 
solved in a phosphoric acid solution. It is the acid 
that initiates the formation of a coating on a metal 
surface. When acid attacks die metal and begins CO 
be consumed, solution pH at the metal surface rises 
slightly. This is what causes the primary phosphate 
salts to drop out of solution and react wilh the metal 
surface, forming a crystalline coating. 

All iron phosphate conversion coadngs are 
composed of partially neutralized phosphoric 
acid But all iron phosphates are not created 
equal. Other ingredients, such as die specific ac- 
celerator used (Table 1), hold part of the key. 

Although iron phosphate coatings are applied 
to steel to provide a receptive surface for the 



their chief application is as a base for subsequent 
films of paint. Processes that produce iron phos- 
phate coatings are also available for treatment of 
galvanized and aluminum surfaces. Iron phos- 
phate coatings have excellent adherence and pro- 
vide good resistance to flaking from impact or 
flexing when painted. Corrosion resistance, 
either through film or scribe undercut, is usually 
less than that attained with zinc phosphate, How- 
ever, a good iron phosphate coating often outper- 
forms a poor zinc phosphate coating. 

Spray application of iron phosphate coatings is 
most frequently used, although immersion appli- 
cation also is practical. The accepted range of 
coating weights is 0-21 to 0.86 g/m 2 (6.9 x 10" 4 
to 0.26 oz/ft 2 }. Little benefit is derived from ex- 
ceeding this range, and coatings of less than 0.21 
g/m 2 (6.9 x l(H oz/ft 2 ) are likely to be nonuni- 
form or discontinuous. Quality iron phosphate 
coatings are routinely deposited at temperatures 
from 25 to 65 °C (80 to 150 °F) by either spray or 
immersion methods. 

Manganese phosphate coatings are applied 
to ferrous pans (bearings, gears, and internal com- 
bustion engine parts, for example) for break-in and 
to prevent galling. These coatings are usually dark 
gray. However, because almost all manganese phos- 
phate coatings are used as an oil base and the oil 
intensifies the coloring, manganese phosphate coat- 
ings are usually black in appearance. In some in- 
stances, a calcium-modified zinc phosphate coating 
can be substituted for manganese phosphate to im- 
part break-in and antigalling properties. 

Manganese phosphate coatings are applied 
only by immersion, requiring times ranging from 
5 to 30 min. Coating weights normally vary from 
5.4 to 32.3 gMi 2 (1.8 x 10-2 to 9.83 ^2), but 
con be greater if required. The manganese phos- 
phate coating usually preferred is tight and fine- 
Table 1 Effect of accelerators on the weight 
of an iron phosphate coating 



Acctfentor Surtax (rats! 



Coiling gtjfig _ 



High-qiality 
iled only 



0.11-0.27 0.33-0.68 
0.22-0.3* 0.7M.2* 



0.43-0J6 1j414J2 
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Table 2 Accelerators used in phosphate coating processes 



Ojrtwuroapanjjat>i 



OOJ 



N*N03.Zn(N03l2. 1-3 
NjiNO* 

Zn(CI03)2 0.5- 1 



HjO, H2O2 
PatoTHic Sodium perborate 

NhrogUSnidine 



HighNOiJOT 65-93 I4MW 

01-0.2 0.8-1.7 N02*fO=l:J (a) (1) 



t» (»> 

W (iO 
33 130 



Lower fMge. 

Affords rapid pfootsalhg n 
«. low lempcnmnet 



Stable In liquid a 
Csn be ueed for toih irmltnip 
nndrepknlihrtwni. 
Overcomes the while 
slanting problem. 

Low coulng wdghL No 
harmful products. Free from 



No separate neucrahitt-t* 
required. Good corrosion 



Redaction of WO* increases the iron 

comem of ife coaling. 
Comwivc fumes. Highly unliable ai 

high both tcrnperaiures. Frequent 

pddilion n required. 
Corrosive rururt of chlorate and its 

reduction product*. High 

conccfuraiioiu poison (ha bai*. 

Removal of gelatinous predpkate 

from 0k resultant phosphate coatings 

n difficult. 
BilhcooooliendalobbcniieaL Heavy 

*Jodgc formation. Limited nihility. 

ConUnuou* addition a required. 
Continuous addi 



Neither the acestenier nor to 
reduction products arc 



Slightly aohible. Does not control u»e 
buildup of ferrous iron in the bad). 
Highly expensive. 



(a) Low temperature. Source: Raf 3 



i 



grain, rather than loose and coarse-grain. How. 
ever, desired crystal size varies with service re- 
quirements. In many instances, the crystal is re- 
fined as the result of some pretreatment (certain 
types of cleaners and/or conditioning agents 
based on manganese phosphate) of the metal sur- 
Face. 

Manganese-iron phosphate coatings are usu- 
ally formed from high-temperature baths from 90 
to 95 *C (190 to 200 °F). 



Composition of Phosphate Coating 

AIJ phosphate coatings are produced by the 
same type of chemical reaction: the acid bath, 
containing the coating chemicals, reacts with rhe 
metal to be coated, and at the interface, a thin film 
of solution is neutralized because of its attack on 
the metal. In the neutralized solution, solubility Of 
the metal phosphates is reduced, and they precipi- 
tate from the solution as crystals. Crystals are 
then attracted to the surface of the metal by the 
normal electrostatic potential within the metal, 
and they arc deposited on the cathodic sites. 

When an acid phosphate reacts with steel, two 
types of iron phosphate are produced: a primary 
phosphate, which enters the coating; and a secon- 
dary phosphare, which enters the solution as a 
soluble iron compound- If this secondary ferrous 
phosphate were oxidized to a ferric phosphate, it 
would no longer be soluble and would precipitate 
from the bath. Oxidizing agents are incorporated 
to remove the soluble secondary ferrous phos- 
phate because the ferrous phosphate inhibits 
coating formation. 

Although all phosphating baths are acid in na- 
ture and to some extent attack the mewl being 
coated, hydrogen embrittlement seldom occurs as 
a result of phosphating. This is primarily because 
all phosphating baths contain depolarizers or oxi- 
dizers that react with the hydrogen as it is formed 



and render it harmless to the metal. In some 
instances, however, 2ine-phosphate processes, 
intended for use with rust-inhibiring oils for cor- 
rosion resistance or manganese-phosphate treat- 
ments, can cause hydrogen embrittlement be- 
cause they may contain a minimum amount of 
depolarizers and oxidizers. A dwell rime before 
use or mild heating may be needed to relieve 
embrittlement. 

The acidity Of phosphating baths varies, de- 
pending on the type of phosphating compound 
and its method of application. Imrncrsion zinc 
phosphating baths operate in a pH range of 1.4 to 
2.4. whereas spray zinc phosphating solutions 
can operate at a pH as high as 3.4, depending on 
the bath temperature. Iron phosphating baths usu- 
ally operate at a pH of 3.8 to 5. Manganese 
phosphating baths operate in a pH range compa- 
rable to that Of the immersion zinc phosphating 
solutions. Lead-phosphate solutions are usually 
more acidic than any of the others. 

Zinc, iron, and manganese phosphating baths 
usually contain an accelerator, which can range 
from a mild oxidant, such as nitrates to one of the 
more vigorous nitrite, chlorate, peroxide, or or- 
ganic sulfonic acids (Table 2). The purposes of 
these accelerators are to speed up the rate of 
coating, to oxidize ferrous iron, and to reduce 
crystal size. This is accomplished because of the 
ability of the accelerators 10 OXidttc the hydrogen 
from the surface of the metal being coated. Phos- 
phating solution can then contact the metal con- 
tinuously, permitting completeness of reaction 
and uniformity of coverage. Accelerators have an 
oxidizing effect on the dissolved iron in the bath, 
thus .'extending the useful life of the solution. 
Some zinc and iron phosphating processes rely 
on oxygen from the air as the accelerator. Zinc 
phosphating baths for aluminum usually contain 
complex or free fluorides to accelerate coating 
formation and to block the coating-inhibiting ef- 
fect of soluble aluminum. 



Applications 

On the basis of pounds of chemicals consumed 
or tons of steel treated, the greatest use of phos- 
phate coatings is as a base for paint Phosphate 
coatings are also used to provide: 

• A base for oil or other rust-preventive material 

• Lubricity and resistance to wear. gaJJing, or 
scoring of parts moving in contact, with or 
without oil 

• A surface that facilitates cold forming 

• Temporary or short-time resistance to mild 
corrosion 

• A base for adhesives in plastic-metal lamina- 
dons or rubber-io-mctal applications 



Phosphate Coatings as a Base for Paint 

The useful life of any painted metal article 
depends mainly on the durability of the organic 
coaling itself and the adherence of the film to the 
surface on which it is applied. The primary func- 
tion of any protective coating of paint is to pre- 
vent corrosion of the base metal in the environ- 
ment in which it is U9ed. To accomplish this 
purpose, the method of preparing the metal 
should reduce the activity of the metal surface, so 
mat underfilm corrosion is prevented at the inter- 
face between paint and metal. 

When used as a base far paint films, phosphate 
coatings promote good paint adhesion, increase 
the resistance of the films to humidity and water 
soaking, and substantially retard the spread of 
any corrosion that may OCCUr. A phosphate coat- 
ing retards the amount of corrosion creep, be- 
cause the coating is a dielectric film that insulates 
the active anode and cathode centers existing 
over the entire Surface of the base metal By 
insulating these areas, corrosion of the surface is 
arrested or at least substantially retarded. 
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Pg oTBCTlVBCOATIIiaBlU>B'IBTAI£ 

i™™red by the use of a solution of 
the character of the coating was Xch came to he known 

U^mao^phospha^totopw^^ ^ bathi bein 

as "Parkeriting," manpmeee ^ phosphate to the form of 

claimed that option of at. ^ fM treatment wee 

ferric phosphate wee «>entjd . T£ ^ toown ae "Coslst- 

w-By from 3 to 4 houre. WbOe phospheting the steel 

tiring" was rather widely used m tte ori ^,d parkensins 

pa^f of bicycle, and other ^^^^ta/SLhrng industry. 
^ IooeM w„8Uitedtotheneed30i ^" ft £%£by adoption of man- 
The Parker proceed ™^£Z£Li solution. This made pos- 
ganese dihydrogen phosphate for the^ pr . further reduc- 
ible a reduction in time ^^^Teilecten by. incorporating 
tion in processing time to about 10 TV* Th5fl permitted the use 
"^percentage of a "Pp^^^X *2Z,> The inking 
0 f the process in a 6 t B XSwa7«flected in the name 

use of phosphate coatings as a D88B J"J^. .- gtm later improvements 
■Weeing," ^^.^r^o^udlprnv application, 
have been in the direction of fame reducUon ana*. , metel being 
Phosphate coatings cousjst * ^gg^i, solutio n. Although the 
treated or of metal ions added to the pnoep pioprietar y and 

detailed compositions of phosp hate J^J^^^ed * illustrate 
the exact reaction. '^^•^^^Z^y used to coat 
the formation of the phosphate coatmgs . A M ^ 
iron or steel i. made froro «^ e f^^ry salt, . reaction 
with phosphoric add whioh ultimately J>«»» 
prloted by elevated temperature and action. 

3Z»(S I P0 1 ) a «Zn,(P0 4 ), + 4H s PO. W 

The bath is » W«- ** * ^d'S j.t£S^ 
SKES ^SirUphosph^, «nd Uncrating hydrogen 
on cathodic areas. 



(2) 
(3) 
(4) 



Fe + 2H,P0 4 -Fe (H,P04) a + 2H 

2H-Hx 
Fe (HtPO,) 3 -FeHPO* + H»FO* 

Ae the PH at the ^^Z^^^^ 
products of the secondary and tertiary eaiw are 
reaction is illuatrated by: - 
%e + 3Zn (H.PO.),^. (PO J , + FeHPO, + 8H.P0 4 + H, (5) 
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The crystallise layer formed is largely the insoluble tertiary sine phos- 
phate, together with a small amount of secondary iron phosphate. Recent 
evidence indicates that some iron from the solution becomes an integral 
part of the coating during the process.* The proportion of iron to zinc is 
dependent on the method of application, solution composition, tempera- 
ture, and time of processing. 

The solution composition ie critical in that too much free acid results 
only in pickling of the steel surface * while too little promotes sludge 
formation. This second effect becomes increasingly troublesome aa the 
concentration of ferrous ions in the bath builds up with time. Although 
it is felt that eome iron phosphate is benefioial to the adherence and 
protective qualities of the coating, excessive amounts are detrimental to 
corrosion resistance. 

A second salt frequently used in phoaphatmg baths is manganese 
phosphate. The reactions are analogous to those for zinc except that the 
initial reaction. (Eq. 1) yields the secondary as well as tertiary salt. 

The coating reaction illustrated above is an extremely alow one, owing 
largely to cathodic polarization. Accelerating agents arc therefore added 
to the bath to reduce treatment time. Oxidising agents, such as nitrates, 
nitrites, or clorates, behave as depolarizers in oxidizing the hydrogen 
formed (Eq. 3) . Other accelerators for increasing the reaction rate include 
copper salts, organic compounds such as nitrobenzene, bases such as 
aniline, toluidene, pyridene, and qirfnoline. Provided the conditions are 
so controlled that a fine grain size is obtained, there is no appreciable 
sacrifice in protective value associated with the use of accelerators. 
Through the use of accelerators, reaction times have been reduced to less 
than a minute for paint-base . coatings. It has thus become possible to 
apply phosphate coatings by spray techniques as one step in the con- 
veyor production of large items such as automobile bodies, fenders, etc. 
The chart in Figure 16-1 summarizes the phosphate treatments in current 
use together with the basis metals treated and methods and purposes of 
application. 

As in any coating process, the success of the operation depends on 
proper preparatory surface treatment. Mechanical surface cleaning, such 
as emery treatment, or blasting with sand, grit, or shot, is employed to 
remove scale and rust, Degreasing is accomplished with tricM or ethylene 
or in an alkaline bath. Phosphate coatings are particularly sensitive to 

, rEialer, S. L„ and Chamberlain, P. Q„ Metal Finishing, SO, No. 6, 113 (1M2). 
* Phosphoric acid cleaning, as distinguished from a two phoephating treatment, 
.employ* a high- < ecid bath primarily to remove surface dirt and grease, leaving a 
alight surface etch to promote ™**»>>A^rgd bonding with paint, together with a very 
thin pfrmpbate residue. To insure proper cleaning, the acid concentration moat be 
so high that a substantial crystalline phosphate film cannot be developed. 
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grease, benee parte nhould not be handled with bare hands after degreas- 

m& The protective qualities of phosphate coatings are largely a function 
of the crystalling nharacter of the film, protection increasing with de- 
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charing grain size. In general, refinement of the crystalline structure * 
obtained with increaeing temperature. By using suitable addition agente, 
the temperature can be reduced with no adverae effect on grain eise. 
Crystal structure is also affected by physical treatment of the surface 
prior to phosphatinK. The "wiping" effect, whereby the surface is mechan- 
ically wiped prior to treatment, results in refined crystal structure and 
improved corrosion reactance. This name effect- can be approached 
chemically in a solution containing 1 per cent sodium phoBphate and 
001 per cent titanium as the anhydrous phosphate salt* The work is 
predipped in this solution; then, without rinsing, into the phospate bath. 
This treatment is applied to both iron and sine, but primarily to the 

U Applying phosphate films to ferrow surfaces is an accepted method 
of reducing wear and galling on mating parts » Properly lubricated, the 
coating provides myriads of oil reservoirs, effective in reducmg fnrtion- 
FurthermDre, the coating is deformed slightly under pressure, thus reduc- 
ing maximum applied stress- Heavy phosphate films for this purpose are 
ordinarily formed from "slow" baths of sine or manganese phosphate at 
a temperature between 90 and 100*C (200-210°F) « Reaction times 
range from 10 to 60 minutes, to produce films of 1000 to 4000 mg per 
sq ft There is little dimensional change associated with these coatings: 
it normally is of the order of 0.005 mm (0.0002 inch) for a heavy 
coating. Of the many applications of this type, many are found in the 
automotive industry. Piston rings, rocker arms, camshafts, valves, tap- 
pets, and cylinder liners are frequently phosphated to increase life. 

The use of zinc phosphate, coatings to reduce friction in wire, tube, 
and deep drawing applications was suggested about twenty years ago, but 
was not commercially developed until the recent war. Coatings of 160 to 
3000 mg per sq/ft are used, the thicker coatings being specified where 
deformation is light or moderate. Por severe forming operations the 
thickness is limited to preclude injury to the coating. Lubricated coatings 
of this nature, by markedly reducing friction, reduce wear on dies, permit 
faster forming operations, and conserve power," No adverse effects on 
physical properties result from phosphating. Hardness, tensile strength, 
and temper are unnnpaired. 

Although the foregoing friction-reducing uses of phosphate coatings 
are commercially important, the pho B phating treatment is known and 

b Reeves, M, Metal Ind. (London), 7B, 7. (1051). 

• Jeraatedt, G, Tram, JSltotrochtcm. Soc v 83, 881 (1WS). 

w Rooea, M. B„ Lubrication Ena„ 6, 117 <19fi0). 

HAyree, R, J\, Materia* «* Method*, 34, No. 4, 100 (1B61). 

« Holden, H. 4u, Sheet Metal Ind-, 26. 123, (lMO). 
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porous nature of the film P«^ 8 ood ^ ^ietuxe which pene- 
enamel, or Uwquer; the P"^f» ^aivmetal and rtiflea the epread 
txatea the paint film hum the ^ ^ 

of corrosion beneath the pamt ^^^F^tures ranging from 

room temperature to 210£F. Be J00 to goo mg per sq ft. The 

eeconda to 5 minute*. Coafang. »^V£^ Mteined on the treated part 
risk of corrosion from P^fllatomSal phoephate-phocphorio ao.d 
with the type of solution Flam m^ P staining eceel- 

typ- are not particularly In X treatment in a ehromate 

erating agentfl ean b %^ te ^^ de ^Son. A ehremic acid rinee, 
bath is frequently uaed to p«md. ofte o prorea benefioal, 

with acid concentrationa up to 0.0 P« « • 1 0onMn . 

maximum performance being ^^^^rf the dinaolymg 
trationa greater than 0.5 per cent are mjunoue 

action of the rinsing bath, insoluble to most aervioe enyiron- 

Pbosphateeoatinge. bemg eesentaJly^ continuity, hence, 

m enta, are protective ™ °^ion reaiatance of phoa- 

protection, increases wrth ^ th ^ of ^treated steel m 

phated but unpeinted steel it compared witn ma 

Table 16-1." 

744 boors in ealt fog . 1.80 

1 year rural exposure 

Tbe extent to which pbosphaU coating, aid in the retention of paint on 

eteel P»nela u and retention of painta, phosphate 

In addition to mcreaamg adhesion^a six-year teet 

eoatmga alao tend to stifle ^o^rTeoataTtak^ aynthetic 
illustrated the protection ^**J%£^™ 7 JZ different waya: (D 
enamel applied Oj«at eel "T and (3) eoating with phoe- 
STJZZZSS and ^S*m were evident on the fir* 

^ a. a. ^ w^* * l^^«r^ U S 

"Dareey, V- and CaYnnaugh, W. ™»r 
c^m fee., 91, 351 (lMTj. ^^ha* Cartings," Reprinted with 

John Wiley <k Sono.Ii", 1WS. 



'AGE 42W6 * RCVD AT 5.17Q00S 4:06:09 PM gastem Daylight TTmel ' SVR:USPT0-EFXRF-1)8 ' DHI5:87293II6 * CSID:9372230724 « DURATION <mm-ss):21-4I 



05/17/2005 16:22 FAX 9372230724 



DINS MORE & SHOHL DAYTON 



©043/056 



CHEMICAL COIWERBION AND ANODIZED COATINGS 651 

two surfaces, the phosphate coating improved paint protection and re- 
tarded underfilm attack-" , _,\ 

The affinity of phosphate coatings for oil and wax is exploited in rust- 
proofing many articles. The adhesion and abrasion resistance of the coat-, 
ing is such that threaded articles, such as nuts, bolts, and screws, can be 

Tabwo 16-3. Retintto* op Paint ht TJiranamn and PKOBPfiAW-OoAWft 











0.177 


27J5 


0200 


4S.0 


0:242 


74JQ 



Steel untreated 
Steel-phosphate 

Roller application 
Steel-pbosphate coated 

Swd-phoBpiiate coated 
By immersion dipping 

so treated. During World Wars I and II small arms were rustproofed by 
phosphating then treating with chromic acid and a niBt-preventive oil 
The corrosion protection obtained is indicated in Table 16-3," in which 
are listed salt-spray requirements for military equipment finished in thiB 



Table 16-3. Saw Sp&at Resistance o? Phospeatcd Steel Beiot* and Ajteb Oiuno 

K Wt. Salt Spray Ewurtaao* (boiua) 



Cms/ft^ 
1000-1000 
lOOtMOOO 



24 
36 



Besides iron and steel, other metals, notably zinc and aluminum, are 
phosphate treated on a large scale. Zinc surfaces which are painted with 
no intermediate treatment provide inadequate service due primarily to 
the reaction of zinc with the paint vehicle. Zinc soaps are formed, 
destroying the bond between the paint and the sine. Phosphating is one 
treatment used to avoid thiB difficulty, and also to increase the mechani- 
cal anchorage of the paint. Cadmium is treated in the same way. The 
baths are of sine phosphate in which the work is dipped for about 2 
minutes, forming a. film of 75 to 200 mg per sq ft. 1T Phosphating is rec- 
ommended frequently for rinc- or cadmium-plated steel that is to be 
painted. Zinc-flash bonderiring consists in applying a thin electro deposit 
of sine which is given a phosphating treatment, then painted. This com- 
posite coating provides a higher degree of corrosion protection to iron or 
steel than does normal phosphating and painting. The Bine thickness is 

"Ctentieu, N, P., Machine Dew 24, No. 2, Ml (1M2). 
« Douty, A,, PlatkX, SB, l<m.<lWl)^ 
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-* 0.000, to 0.00X5 -«^*3fc2£ ' 
0.003S to OiKBS mm ^"£^"^1. called "Protecta Tin" 
For treating tin a »P^ *« e £ trofonned on the tin, impartial: 
In which an oride and phosphate ooniptoM^^™~ pxoductt- 

Processing U earned out by ^^Xi phosphate (anhydrous), 8 
in a solution containing 9 pounds *f ,0 ^ m P °X*id« 3 pounds wet- 
sodium dichromate ^^/ Tn 7^£t does not 
ting agent, and water J» i-tam *»m- . {ere with subsequent 
affect the appearance of the metal nor floes » increase the 

lacquering or Bthographio V^T^^t outside of the 

. dSt-Bf of oa.ned .^f Jf^^^td ^leXg the unsightly 
can during Btorage in damp "^T^* Originating in meat, fish, 
blackening of can interiors resulting from miliar o™*>" 
soup, and many vegetables. 

CHROAAAT6 COATINGS 

Chroma* conversion — «^£||?l33 sTrvice 
for protection of sine- and <f"^ d commercial development, 

SJSJS^S ^ — - d the protection 

of one-base die castings and al^mum. ^ emidcoaa- 

product* m boKSmadc °' „ ^ to detracting 

caused corrosion of this T™* J*^^^ products can impair 

*jS£S-. of chromate coatings are predominantly by immemion 
u IM^ Re*!** (&>«*»), S, No. l», SB CMH». 
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proceeees, although electrolytic methods we used to wane extent in the 
aireraft industry. The bath compositions are largely proprietary but aU 
contain tiro basic constituent*: hexavalent chromium ions and a mmeral 
acid. Some also contain one or more organic acids. On m^ersicn the 
Bine or cadmium article is attacked by the mineral acid with an attendant 
rise in pH of the solution next to the metal. At the same time some 
hexavalent chromium is reduced to the trivalent state. At a critical pH 
the trivalent chromium and some hexavalent chromium are ooprecipitated 

on the metal surface. . , , nB 

One of the oldest and still popular chromatins processes is Imown n 
the "Cronak"* process 90 concerning which details have been published- 
The bath contains chiefly eodium dichromate in fairly high concentra- 
tions, slightly acidified with sulfuric acid. Analytical studies mdioate 
the film formed from this bath to be a basic chromium chromate of the 
general formula Cr,CV 00, ♦ xB.O. A typical film, dried at 110 C 
(230 o F), has been analysed as follows: 



Hexav&lent chromium 

Trivalent chromium 

Sulfate 

Zinc 

Sodium 

Water 



28-2% 
337% 



The thickness is about 0.0005 mm (0.00002 inch). 

Chromate films are generally noncrystalline, nonporous, and gel-lite. 
They are quite susceptible to damage from abranion immediately follow- 
ing film formation; hence should be aged 12 to 24 hours, before being 
subjected to normal shop handling. Electrolytically applied coatings are 
not subject to this limitation. . 

Chromate films which provide maximum protection contain botb triva- 
lent and hexavalent chromium." Protection is provided in two ways. The 
jionporous mature of the film physically excludes, to a large extent, mois- 
ture from the metaL At discontinuities in the film, the hexavalent chro- 
mium, being slightly soluble, exerts its well-known inhibitmg action. 
Experiments show that the formation of white corrosion product is mhib- 
rted so long as a minimum amount of hexavalent chromium remains m 
the film. The useful hfe of a chromated part thus depends on the rate 
at which hexavalent chromium is leached from the film, i.e., on the 
degree of wetting of the part The protection provided by a Cronak 
coating in stagnant water is illustrated in Table 16-4." 

Regifllsred trade mark of New Jersey Company. 
*> rj.fi. Patent (Max. 24, 1938) B. J. WUheJro (to New J*tacy Zinc Co.). 

«i Anderson, E. A.. Pnc. Am. BloclTaplaterf Boc v 80, 8 (1M3). 
» Ostrander, C. W<> Plating SB, 1033 (1&61), 
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ipBCtrographlc analyaiB. C. C, Nitghib 



An Improved method erf quantitative spsi _ _. _. 

and O. W. StaKdbw. /no\ .Eng. Cfiem. t Anal. Ed. 4, 182-eUK 1933).— The method em- 
ployed b a modification of the methods of Gerlach and Schweitzer and N. (C. A. 23, 
1587). In the improved method an addnl. element is added to the sample in a const. 
known amt, for comparison purposes. The use of a recording micropho torn eter is ROW 
jufltlfiad and considerable rime is saved. Four requirements are listed for satisfactory 
companion of spectral lines. App, and procedure are described, and spectra and nricro- 
photometric records ore shown. Concrete examples are given and the errors are ana- 
lyzed. The deviation from the mean of 4 detna. IS 1 part in from 10 to 20. H. A. S. 

Micro-alkalimetry and acidimetry. 5. K. Cruxov. Bull, inn, rtcfurchcj bid. 
Perm 7, No. 7/8, 427-40( German summary) 440-1(1931). — The soln. to be investigated 
Is titrated to the intermediate color of a 2-coior indicator! with not stronger than 0.01 
N reagents from a membrane microbureL Formulas are given for caicg. the decrease 
in acidity or alky. Pu values are taken from tables- R. H. FbbjQUSOM 

fiuxmemetric titration. TaIaytoi Scuuva. J. See. Cton. Ind, 51, 135-40T 
(1832); cf. C A\ 21, 1426. 3030; 23. 1340, 2007, 4007, 4008; 24, 3389. 3915.— The 
necessary app, is shown and numerous applications of the method are described. 

. W.T.H. 
' Use of benzidine acetate aa indicator in melybdo-manganimetry; application to 
the electrolytic determination of a few hundredths of a milligram of copper. A. Gvillb- 
MBT AND L. TKrVCLLB. Compl. -md, toe. Wrf, 10A, 30-2(1931). — Fontcs and ThivoUe 
(C. A. 17, 1199) developed a method for detg. Cu which depended upon the fact that 
when Cu is plunged into a phosphomolybriate reagent (boil 40 g. of NR+ molybdate. 
80 CO. of NaOH aobi., d. 1.38, and 100 ce. of water mitil no moro NH, is evolved, CO©!, 
add 200 cc. of water and 200 cc. of HiPOi, d. 1.30, boil 15 mm., cool and oil. bo 1 I.) 
the Cu dissolves, forming a blue soln, which becomes colorless when titrated with 
KMnO* To overcome the difficulty in detg. the end point, it is now recommended 
to use benzidine acetate soln. OS indicator. Dissolve 1 g. of benzidine in 10 cc. of glacial 
AcOH, bed! and dil. to 100 cc N After washing an electrolytic Cu deposit, plunge the 
electrode into enough of the phosphomolybdic reagent to cover it (3 CC. in a small 
tube with a Pt wire cathode), allow tba color to develop far a few min.. while using the 
cathode as a stirrer and titrate with dil. KMnO* after adding the indicator. W. T. H. 

A neutral buffered Standard, for hydrogen-ion work and accurate titrations, which 
can b« prepared in one minute. Ron** J. Williams and Carl M. Lyman. J. Am. 
Cketru J«. 54, 1911-2(1933). — NH"#OAc SOWS, through wide tlmits of comm. have a 
Pu of almost exactly 7.00. * W. T. H. 

Hew reagent for the detection of hydroxy acids. C. H. Libhxalll Bol. anyc. 
branl. pharm, 12, No. 10, 24(1931).— Hydroxy adds can be detected by the use of the 
following reagent; FeCJ, (10%) 32.4 CC., KCN9 (10%) 68,2 cc., H,0 to 100 cc. 
The reagent turns yellow on the addn. of a neutral sola, of hydroxy acid- AcOH and 
oxalic acid also give the same color. Addn. of 1 drop of HNOi brings back the original 
red color with hydroxy adds. With AcOH and oxalic acids the color does not return. 

E. S- O. B. 

Preparation of sodium cobaltinitrite as potassium reagent. E. Rtjpp and A. 
PocqswrxMiP. Ajvtk. Ztg. 47, 282-^(1932).— To 5 g. of powd. Co(NO,), in 2.1 g. 
AcOH and 1 g. HjO add a luke-warm sou, of 10 g. NaNOi in 11 g. HrO. remove the 
N s Ok by a 30-min. current of aspirated air through the mixt-, allow to stand 15-30 min., 
pass through a filter to remove any turbidity and mix in a porcelain mortar with 20 g. 
of pure, freshly dehydrated N*»SO«, then place in a vacuum desiccator for a day. Tri- 
turate the golden yellow cryat. mass and preserve in amber glass. W. O. E. 



Zuli m. 132-3°; (EUShZnltm. 149"; {EhMeS)tZnI A m. 173-4*; (EttPrS)^^ m: 
145'. Alfred Hqfsscau 

Composition of complex metal cyanide radicals. Complex Ni cyanide radical 
( MA S A g a ) 2. Synthesis and x-ray investigation of NiCrrOj (Holgbrsbon) 2. 

Lafuma, Hbwm: Rftcherchefl sur lea alummaiss do calcium et snr fours combmaK 
sons arec le chlorure et le sulfate do calcium. Paris: Vuibert. 08 pp. P. 10. 
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exchanged at once. Fe* + and FeY", both 0.0125 M, at 
pH from 1.6 to 5.0 showed an immediate partial and very 
slow subsequent exchange. Temp. => 25". Tracers were 
Co" Fe", and Ni'T Cf. 42, 1523*. P* B. B. 

New appro&ch MS to the study of the reaction between 
potassium and cobarbxiitrite kma. Angel del Camp©, 
Vicente Boiaader, and Ansel HoyOS (Univ. Madrid). Jfrp. 
real aead. dene excel. ,fts-yn*i Madrid M. 363-fl9< 1940)^ 
KjCo(NOi)» was pptd. with stinting by adding DeKaninck b 
reagent (C.A. 3, 1828, (1009)) to a known solo, of KXl, 
filtering, drying in a current of air at 100°, and weigfamgin a 
tared filter crucible. The wt. oi ppt. Is less when the soln. 
is stirred during pptn.; hence adsorption takes place. On 
Ions standing, with the ppt. in contact with on excess of 
NaiCo(NOj)i, the wt. increases considerably; Ka probably 
substitutes for K in the ppt., as evidenced by qual. analysis- 
The ppt. is probably a mixt. of K,[Co(NOb),J .H»0 and K»Na 
[Co(brOi)i]. but the K is nevertheless pptd. quant. K, 
pptd. with Lu[Co(NQ,)iJ, can be filtered and washed more 
easily than when pptd. with the Na reagent, and comes down 
as well-formed cubic crystals corresponding closely to the 
formula Kj[Co(NOi)i] when an excess of reagent is employed; 
tne wt. of the ppt. is almost Independent of whether or not 
the soln. is agitated during pptn., in contrast to the large 
changes observed with the Na reagent . The anion of the K 
soln. has no effect. , . R. L. Wolke 

Chemistry of thorium In aqueous solutions. I. Organic 
and inorganic complexes. SL A. Day, Jr., and R. W. 
Stnughton (Oak Ridge Natl. Lab., Oak Ridge, Tenn.). J . 
Am. Chan. Soc. 72, 5662-7(1960).— Equil. const*, for the 
formation of complex iona of Th with the anions of HF, 
HIO, CUCCOOH, BBrOi, CUCHCOOH, HNO,, HCl, and 
QCHiCOOH in aq. soln. with a H4cn concn. of 0.6 M and 
an ionic strength or 0.5 were obtained by detg. the distribu- 
tion ratios between the aq. soln. and benzene contg. thenoylr 
trifluoroacetone (I) as a chelating agent. The conSta. for 
the 1 : 1 complexes decrease in the order of the above Mating, 
going from 4.3 X 10* for ThF» + to 1.33. Higher com- 
plexing corresponding to Th/anlon ratios of 2 and 3 was 



found for the first five anions in tbc list; the corresponding 
consts. are presented. Evidence was found for the existence 
of double complexes of the type Th(NO»)F» + and Th- 
(NOiJF» + in mixts. of HNO ( and HF. Acetic acid in the 
o aq. phase increases the extractability of the chelated product 
formed between Th and (I). J. Van Waasr 

Sequestering properties of salicylic acid. Complexes of 
Buifoaalicyuc add. Giovanni Manneffi. Ann. shim, ap« 
plicaia 38, 594-60l(l°4B).— Fe is eepd. from Ti by treating 

— k soln. of the sulfates with NH« salicylate (I) and (NH*kGO», 
fallowed by pptn. of Fe with HjS. Addn. of an. NIL and 
boiling then gives TiO*. Pc Is sepd, from Mn, with I, the 
Mb being pptd. as phosphate, and similarly Fe from Tl, the 

jl Tl being pptd- aa chroma te in presence of 1. Na sulfo- 
salicylate and BefOH), give Na* B* svljos alkylate, CuHr- 
OuSiNaJSe; similarly are formed Na t UO* ruljoialicylau, 
C*,H«Qi*SiNa«TJ (+4H a O), and K* Ni tiUfnatlcytot*. Cu- 
HiOitS|K«Ni. B. A. 

— Electrochemical study of complexes of the silver Ion and 
amino dicarboxyUe acidB. Suzanne VaUadas-Dubois. 
Compt. rend. 231, 1209-1300(1050). — Aspartic acid and 
glutamic add, like glycine, at high pll form complex anions 
of about Urn same stability, corresponding to 2 mols. of the 

c amino acid to one of AgNO,. Earl McCoUey 

Arsenates— osidatinn of arscnious acid (Takahashi) 4. 
Emetics and mechanism of solid-phase reactions — in aside 

— filtna on pur e Fe (Gulbransen) 2. Heavy-metal alumlnldes 
(RAhenbeck)9. 

Taurins. A.: Neorganiaka B3mija. Wurtenberg: A. 
d Brokana * R. Dovana. 1948. 126 pp. 

Weils. A. F.: Structural Inorganic Chemistry. New 
York: Oxford Uuiv. Frcaa. 1951. 590 pp. $7. 

BxperimenteUe Eiuluhrung in die Anorganische Chemlc. 
44th ed. Edited by W. Klemm and W. Fischer. Berlin: 

— W. de Gruytcr. 1949. 204 pp. DM 7-80. Reviewed in 
Angen. Chan. 03, 55(1951). 
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History of analytical chemistry In Russia. K B. Yatsi- 
uoirskil. Uspckhi Kh*m. IB. $23-^8(1949). N. Thou 

Recent developments In' inorganic analytical chemistry. 
J. C. Geertsraa. S. African Ind. Chemist 2, 31-3(1948). — 
A description IS gjvea of (1) the use of the Walden Ag re- 
dactor and internal indicators in the detn. of Fe with 
KtCrtOr, (2) detn. of C in presence of large amts. Of S, e.g., 
coal in pyrites concentrates, with MnOi oa pumice granules 
to absorb the SOi and SOi, and (3) detn. of COi — In solid 
materials. B. A. 

Analytical methods for determining the concentration of 
ionicaSy active substances. H. Schwerdtner (Chemnitz, 
Ger.). Che*. Tech, (Berlin) 2, 361-4(1950). — A review. 

Paul W. Howerton 
Qualitative onalynio without hydrogen sulfide. X. Re- 
duction method. TosMyasu Kiba (ICanazawa Univ.) J. 
Oum. Soc. Japan, Pure Chem. Sect., 70, 146-7(1949); 
cf. C.A. 43. 2Sl3c— Metallic 2a can be nsed as a group 
reagent to sep. ions from addle soln. Systematic proce- 
dures of group aepn- and identification of ions are given in 
tables. K. Yarnasaki 

Froorometric analysis with morin. E. V. Rouir and H. 
Dletx (Atelier construct, elec. Charleroi, Charlcroi, Behj.). 
Congr. ermtpemtmi aaaru*. mtthod. anal, spectrograph, 
prodvits Tttit. 12. 149-66(1949).— Al reacts with niorin to 
produce a fluorescence which served as a means of detg. 
0.001-9% Al in bronzes and brasses. For less than 1% 
Al the relative error was between ±5 and 7.5%; for higher 
percentages, ±2%. Other metals causing interference in 
thn analysis were removed by dectroryfils. M. A. A- 

Quantltailve asalyahj of powders by infrared spectro- 
photometry. Georges Pirlot (Unjr. Liege). Bull. soc. 
chitn. Beiges 59. 327-61(1950); cf. CJi. 43, 7366*-— The 
compensated extinction coeff. method, detd. with an internal 
standard, is applied to the analysis of * ~ x ~ " 



law does not hnW , and when there is overlapping between the 
absorptmna of the components of the roixt. Results arc 
i for the analysis of mixta, of cinchonidinc, cinchomnc, 



nuinidine and quinine; and Of leucine, oorleucine, and tso- 
"leucine. . H. N. Dyer 

Spectrochemical analysis of a solution on graphite. M. 
von Doorselaer, J. Eeckhout, and J. GUlJs (UnTv. Ghent, 
Belg.). CoTtgr. groupemtni avance. mSihod anal, speciro- 
i graph. produUs mh. 12, &l-7( 1019).— Factors which affected 
bronze analysis according to the method of RiraS (cf . ^ 
32, 1601 1 ) were studied. When adsorption of the soln. on 
graphite took place at a temp, above 1O0 9 , the sensitivity 
of spectral lines was at a max. and their relative intensities 
— were const. An increase in the concn. of the boIu. gave a 
greater sensitivity, except hi the case of Borne elements such 
as Al, but did not Influence the relative intensities. The 
effect of the toI. of the soln. on the electrode was negligible. 
A change in the anion ratio of a soha. produced changes in 
9 the spectra because of differences in the volatility, as well as 
adsorption and absorption characteristics of various salts 
and their complexes. The presence of colloidal $n gave ab- 
normally high results. M. A. Rinehart 
— » Amp erome trie titration of sulfhydryl groups: microgram 
analysis. Sheldon Rosenberg, J. C. Perrons, and Paul L. 
Kirk (TJniv. of California Med. School. Berkeley). Anal. 
Chan. 22, 1186-7(1950).— The argentometrid procedure of 
, Kolthoff and Harris ( C.A. 44, 76o) is modified. A vibrat- 
h ing Pt electrode is used as a combination dec trode- stirrer, 
and the titrating sola- is added from a horizontal micro- 
buret. For y amts. of cystcine-HCl and flutathione the 
error was less than 5% in all cases. Titration of denatured 

bovine serum albumin should approx. 0.3% sulfhydryl (as 

cysteine); this value was essentially independent of the 
nature of the denaturing agent. T. H. Dankelberger 

Utilization of ion exchangers in analytical chemi s t ry . 
XVI. Gunner Gabrlelson and Olof Samnelson (Chalmers 
i Tck. Hftgakola, Goteborg. Sweden). Svensh Kern. Tid. 62, 
214-20(1960)0 English); cf. C.A. 44. 0759/.— Aldehydes 
may he retained quantitatively by an ion exchanger In the 
bisulfite form. The break-through curves have the same 
shape as those obtained for Inorg. acids, showing that the 
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grinding procedure is repeated. The residue is again col- 
lected on a filter and washed with cold water until the fil- 
trate is no longer orange, but instead is faintly greenish. 
The salt is finally washed with methanol and ether and dried 
at 50*. Yield, 7.8 g. (86%). Anal. Calcd. for [Co(NHj) r 
U(NO,) 2 : NH„ 21.8, Found: NH 3 , 21.8. 

D. NITROPENTAMMINECOBALT(m) NITRATE 4 

[Co(NH,)iC0 3 ]NO, + 2HNO, + NaNOj -> 

[Co(NH,) 5 NO > ](N0 1 ) a + NaNO, + CO, + H*0 

" Ten grams of carbonatopentaTnminecobalt(III) nitrate 
(0.036 mol) is suspended in 25 ml. of water, and 10 g. of 
sodium nitrite (0,14 mol) and 10 ml. of colorless nitric acid 
(1:1 concentrated acid and water) are added. The mixture 
is stirred for 15 minutes at room temperature, and then 200 
ml. of methanol is added to the slurry. 1 . The precipitate is 
collected on a filter, washed with methanol and ether, and 
dried at 50°, Yield, 10 g. (88%). . Anal. ,Calcd. for 
[Co(NH,)^OJ(N0 3 )i: NH», 27.1. Found: NH tj 27.1. 



E. inTlLATOPENT AMMINECOBALT (III) NITRATE 6 

[Co(NH 3 ) 5 CO 5 ]N0 3 + 2HNO,-> [Co (NH j) bH»0] ( NO j) 3 

• + CO* + HiO 

tCo(NH a ) 5 HiO](N0,) 3 — [Co(NH 8 ) B NOi](NO a ) a -KH a O 

Ten grama of carbonatopentammmecobalt(III) nitrate 
(0.036 mol) is suspended in 26 ml. of water, and 20 ml, of 
colorless nitric acid (1:1 concentrated acid and water) is 
added with stirring- When the evolution of carbon dioxide 
has stopped (10 minutes), 100 ml. of methanol is added, the 
aquopentammine cobalt(III) nitrate is collected on a filter, 
and washed with alcohol and ether. This salt is heated at 
100° for 18 hours (until 1 mol of water is lost), yielding 10 g. 
(83%) of the desired material. Anal Calcd. for [Co(NH,),r 
N0 3 ](NOi) a ; NH,, 25.8. Found: NH», 25.6- 
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CARBON AT OTETRAMMINECOB ALT {III) NITRATE 173 



safety trap and into a beaker of water where the acid is 
titrated with 2 N sodium hydroxide solution. 

The mixture is stirred at a rapid rate and heated for 3D 
minutes to 126°, whereupon the black slurry thickens. 
Only approximately 1 ml. of the sodium hydroxide is con- 
sumed in this initial heating. The reaction is then allowed 
to proceed rapidly at 128 to 139° for 2 hours. In the course 
of the reaction the mixture becomes light tan and appreci- 
ably less viscous, and the theoretical amount of sodium 
hydroxide is required to neutralize the hydrogen chloride 
which is evolved. Very little additional hydrogen chloride 
is liberated during another hour of heating. 

The solid is filtered, washed repeatedly with chloroform 
or benzene, and dried in vacuo; the yield is 99%. Anal. 
Calcd. for FeCl a : Fe, 44.06. Found: Fe, 43.89. 



1. P. Kcyacic and N, O. Brace: J. Am. Chcm. Soq„ 76, 5491 (1954). 

2. N. O. BlUCE; U.S. patent 2,719,074 (1955). 



55. CARBOTTATOTETRAMMINECOBALT(ni) 
NITRATE 

2Co(NO a ), + 6NH,(ag.) + 2(NH,)*CO a + io,-* 

2(Co(NH B )4CO a jNO a + 2NH 4 NO, + H s O 



Checked by John W. Simmons^ Gerhahdt Jabs,! awd Mars M. 
Chamberlain f 



The first salts of this series weTe prepared by Vortmann 1 
and later extensively investigated by JjJrgensen,* who> how- 
ever, gave only semiquantitative synthetic preparations. 

■ University of Pennsylvania, Philadelphia,, Pa. 
t Western Reserve University, Cleveland, Ohio. 
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The method given below, which is a more exact procedure 
than given hitherto (and which may be significantly short- 
ened by the use of hydrogen peroxide instead of air as oxi- 
dizing agent) may also be used, virtually without change, 
for the preparation of the chloride, bromide, iodide, sulfate, 
selenate, and oxalate of the carbonatotetrammine series 
simply by using an equivalent amount of the corresponding 
cobalt(II) salt as starting material. 

Procedure 

One hundred grams of cobalt(II) nitrate 6-hydrate 
(0.344 mol> is dissolved in 100 ml. of warm water and added 
to a mixture of 200 g. of ammonium carbonate (2,08 mols) 
in 1 1. of water and 500 ml. of concentrated ammonia. The 
resulting liquid is oxidized by sucking air through the solu- 
tion contained in two 1-1. suction flasks fitted with stoppers 
and glass air-inlet tubes reaching almost to the bottoms of 
the vessels.* After 2J- hours, when the oxidation is com- 
plete, the solution is evaporated on the steam bath to a vol- 
ume of 500 ml. Any cobalt (III) oxide is filtered off while 
hot, and further evaporation to 350 ml. is carried out. 
During the course of the evaporation 50 g. of solid ammo- 
nium carbonate should be added in 5-g. portions at regular 
intervals, t The solution is next cooled in ice, filtered by 
suction, and the crystals pressed well dry. The crystals 
may be washed with 75 ml. of alcohol. The filtrate is evap- 
orated down to 100 ml., with the addition of four 5-g. por- 
tions of ammonium carbonate, and more product is isolated 
as above. The first batch of product, 48 to 50 g., is ana- 
lytically pure, but the second may be contaminated with a 
trace of carbonatopentarnminecobalt(III) nitrate, which is 

* A tizseBftving but more costly method of oxidation is to add 250 ml of 
3% hydrogen peroxide slowly to the wtLLa tared cobalt (II) am mine mixture. 
After standing 10 minutes the solution is evaporated a* below. The yield 
is the eatae. 

t The regular addition of the ammonium carbonate is emphasized. 
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the unsym. compd. reacts more slowly. The trisulfonates which were removed by filtration, and 20 uU. addnl. EtOH 

hydrolyze rapidly, giving SOi — , SOi — , SiOi~~. and a was added; the yield was 6 g . Vm . To a cold soln . of X was 

little tetrasulfonate; arodisulfonate is an intermediate, added 16 g. powd. (COiH) a until a bluish green soln. iru 

Tetraswlfonate hydrolyzes only sli^ntly. R. H. Jaqidth obtained. The soln. was kept at 60" aa long as CO» was 

The stability of metal tetraethylenepentamine complexes. ° evolved and then was cooled, acidified with da. AcOH, and 

Charles N. Reillcy and J. H. Hollo way (Univ. of N. Car©- 50 mi - EtOH was added. The yield was 12 g. IX, which was 

Una, Chapel Hill). /. Am. Chem. Sac. 80, 2917-19(19158).— purified as usual. K1C1O4 (5 g.) and S g. etbylenedianitae 

Prom potential-pH diagrams the stability coasts. (pK) of the oxalate, prepd. by neutralizing 15 g. 70% XTV with 23 g. 

following metal ion complexes of tetrnethytenepentamine (I) powd. (COjHh fat the cold, were poured into a cold soln. of 

were derd.: Hg(Il), 27-7; Cu(II), 22.9; Ni(ll), 17.8; 1 The niixx. wos kept about 1 br. at room temp, until the 



Za, 13.4; Cd, 14.0; Pb(Il), 10-11; Mn(n), 7.0; Bi(HI), col" became blnish violet, after which it was cooled, treated 
Ca, Mg, Sr, Ba, Al. and La, all negligible, pit values of a small amt - of EtOH to remove foreign salts, and the 

2-6 for I were found to be 4.1, 8.2, S.2, and 10.0, resp., at filtrate was further treated with EtOH to ppt. 3 g. X. The 
25° and with an ionic strength of 0.10- Analytical applica- b PPt. was purified by washing with EtOH and Et t O. XI 
' ' " (7 g.) was synthesized in the same way as X, except that t 1 - 

-hrf ttt* '•jfl tS& 1 hr, inn-nri* of fifing Mt r 



Analytical app)iea« 

tions for I completes are discussed. Gerald S- Golden 

Arsenic (III) oxy chloride, a new type of polymer bond, 
B. Thilo and P. Flogel (Akad. Wissenachoftcn, Berlin- 
Adlershof). Angew. Chem. 69. 754(1957) (In German) .- 
As,0« dissolves in AsClj with formation of on amorphous, 
hard polymer which has Hie structure Cl»AsO[(Cl)AsO]»- 
AsOi- Rudolph J- Marcus 

The synthesis of metal complexes. HZ. Synthesis of 



A miit. or o JTccOjH^ 2 g. XQ\, and 16 ml. 70% 2 
added to I and the mixt. evapd. on a water bath unl 
— crust formed on the surface. The soln. was cooled and the j 
crystals were filtered and washed with EtOH and EtiO, | 
yielding 10 g. XII. R. j^ Dnnhar j 

j H» s t ud y o f thi llniUHd Spectra ol the System nrfrosyl 



ethylenoaoaminecarbonato. vvhrnvwlato, and ethyW o V^f 10 "^"^j acid-water with a view of denoting 
dlaminaoxalato series of cobalt(m) complexes. Motohlchi concentrated sutfnnc acid. Arthur Simon and 

Mori, Muraji Shibata, Eishin Kyuno, and Koji Hoabiyama %^ .ff* 6 .' ?J*-^ 0 U c fe Dresden, Ger ) . J. 

(Univ. Kanazawa). Bull. Chcm. Sot. Japan 31, 291-5 P™ kt - 5 - 68-/8(1957).— Raman spectra q| 

!l958); cf. CA. 51, 5618A.-Tbree series of Co(III) com- ^?™^*t\^£?'™}L Q ^corded w.th a 3-pnsm Zeiss 
plexes were Enigmatically synthwwed from the i«en ^^1^^^?^^^ A^^nJ^ ^' " i 36 f A ' 
of potassium tricsu-bonatocohaltateCIII) (I), by means of ™ l *Si'&R at T J £ H * N ? S ?iu W ^. P^d. Jrora 
successive substitution of carbonate by other groups: blue ?'S? - Nl °* conten j ™ th « nitruso acid was 

KfCo(en)(CO,),|.H a O (TI); violet KrCoCenJcCO^l.HjO J etd .: "I th a n,tro T rae *?" "i 11 ^* ajso detd. . 

(HI); (do(en) T CO,]Cl.H,0 (IV); lCo(en),)Cl,.3HrO (V); bv ^ method. i n the production of H,SO, from 

blue-KI 00(^)^0,0,):! . H,0 (VI)- violet-K [Co(NH U gT^-^L^^ '^f* 0 ^ wmch cann °i ^ dfln . l ^« d : 
(CiO0j).H,O (VH); [Co(NH») l C d 6j)CI (VTH); K a {Co- *Sr. With the aid Of Rmnan tpecera the conditions neces- j 
(CrOJil .3HiO (IX); blue KiCoCenlCCOJil H^O (X); sar J *° r ^"'^^^ higllly COnCd. HtS0 4 can be established, 
violet K[Co(en)(C,d,),) .HrO ph); and [Co{en) t "(C,0.) - actions between die nitrosc group and SO, can be 

CI.H*0 (XII). Of these, the blue and the violet varieties - f/^ 6 ?.- ™« I" 11 ? m ? l SrSf? ,,in spcct ™ m i 

are probably to be regarded as new complexes, stereoisomqric dccrcascs " the concos. of water and N T Oi incrensc. The ; 
with each other. Through all the procedures a green cold ^^f™'^}* 1 ,OWer ^ C °^ n " ° f ^ S 

soln. of I was used as starting material. I was prepd. from sll0 1 wn 1 clu . t the . «ep«ss">n W caused by HSO.^. H,S0, 
20 g. KHCO,. 10 g. CoCU.SHjO. and 5 ml. 30% H1O2 |S , Sfi^i# m ^ St fe«^ 0cd " & S^+ d - gC9) 5 ^ e , Id tJ i. e ^ ,aril * I 
by the method described in the previous paper. To I was * m jtf,^°* ? e j?- S0 * °?J ht ^ a 5 d ^7™^ <*^e j 
added e g. ethylenediamjae carbonate ndB ) creod by its bonding condition. Attempts to demtrate show that the 4 
passing CO, into a cold aq. soln. of 70% ethylenedbmine bondinr condition of the NO + ions, characterixed by the j 
(XIV). The mixt. was placed in an ice bath for 30 min. P^ tl0n f °^ Raman frequency, is decisive for the dcnitra- j 



, the green color changed to blue, and 20 ml. of abs c 



f nitroso acids. 



George Meister 



5tOU was added- Impure crystals sepd. and were filtered The complex formed from cobalt hydrocarbonyl and buta- j 
off and rejected; 50 ml. addol. EtOH was added to the Q* 19 ' Haa * B \j2? a H tn > ^^f 1 J- Stearns, Jouko I 
filtrate, and the soln. was kept at 0 B for some time Crrs- Kenttamaa, Donald W. Moore, and A. Greenville Whittaker I 
tals of H were collected and purified by dissolving them in a ^^^^^iT" Orleans, La.), /. Am. Chem. Soc. 80, | 
min. amt. of cold H a O and adding abs. EtOH- 4 g. of pure J 2 58 6-7(1958;. — The complex formed between butadiene! 
II were obtained. To I was added 5 g. XHI as before and 311(1 9° kydrocarbonyl in the absence of Oxo conditions was j 
the mixt. was kept 20 min. at room temp. A violet soln. prepd. and the sterenchem. configuration was studied-.! 
was obtained; 20 ml. EtOH was added and the soln. was When K cobaltcarbonylaU was allowed to react 12 hrs.J 
stored overnight in the refrigerator. The resulting ppt. with Ac0H and liquid butadiene in a high-pressure vessel, J 
was recrystd- 3 times as before with cold HjO and abs- - a red-brown liquid was- obtained, b. 33-5' at less than 1| 
EtOH to yield 6 g- HI. IV was prepd. by adding 10 ml. mm " an< ? Having the compn. Co(CO>C < H 7 . It is diamag-J 
70% XIV to I, hearing the mixt. on a water bath unril the netic ana contains no acidic H. The infrared and ultra-3 
soln. became reddish yellow. After coaling, U g. of crude v ^let absorption curves indicate the disappearance of 1 
product was collected and recrystd. from H t O. V was n coa i u * ate,i diolefin structure and the appearance of aS 
prepd. by adding 15 ml. 70% XIV, 3 g. KC1, and 1 g. structure producing absorption characteristics similar teC 
active C to L The mixt. was heated 80 min. on a water those of cis monoCiefins. The sharp peak at 703 cm.~ f .i 
bath until the color changed to brownish yellow, after which which in the Co hydrocarbonyl has been assigned to the Hi 
C was filtered off. The filtrate was evapd- to half the vibrations, also disappears. Felix Saunders 3 

initial vol., cooled, and the ppt. washed with' EtOH and — The interaction cf ammonium and potassium hexabromo>l 
dried. The yield was 12 g. V. I contg. 10 g- powd. osmate(IV) and liquid ammonia at 25°. II. Ammonia] 
(NHi)tCiO* was warmed to 70°; when the soln. became soluble products/ Gtorgc W. Watt and Lauri Vaska (Unrv<| 
bluish, it was cooled in an ice bath to stop further reaction of Texas, Austin). J. Inorg. fir Nuclear Chem. <5, 246-Bli 
and 50 ml. EtOH was added. The soln. was allowed to . (1968); cf. CJL. 52, 881fla, 12642A.— Reaction of K,0 
stand 1 hr. and the resulting crude product was collected and and liquid NH* at ~25 • gives NH,-sol . ft-nilridotnj-[dibri 
repptd. twice from the cold soln. by addn. of EtOH. The tetrammintosmium^l V)) bromide. This was isolated as t . 
final ppt., which wqs washed with EtOH and Et<0 in turn, 3-hydrate and converted to p.-nitri&buAd'ibTom<7lflrarnmineosz 
yielded 7 g. VI. The starting materials, the same as for VI, mium{IV)\triiodids trihydrai*. When (NHthOsBrt ac 
remained on a water bath until the color turned blue and — panied by NHjBr ia allowed to react similarly, hez_ 
finally violet; then 80 ml. EtOH was added and the soln. inmeosmium(III) bromide is produced by reaction 
kept overnight in a refrigerator. The violet ppt. was col- NH*Br and accompanying hexammineosmium(III) box 
lectad, dissolved in small amt. of cold HtO, and the com- brOmo«smate(III). Jack J. Bulloff j 

pier was twice repptd. by addn. of EtOH. After the . The properties of calcium silicate hydrates. T. M 
product was washed with EtOH and EtjO, it yielded 7 g. 4 Berkovjch, D. M. Khelker. O. I. Gracheva, L, S. Zevtnl 
VH. Powd. (NH4)iCiO« (S g.) and 30 ml. coned. IMfiiOH and N. I. Kupreeva. Doklady Akad. Nauh lZOl 
were added to I. 2 g. NH*C1 was added, and the mixt. was 858-6(1958).— Ca silicate hydrates CS^H. (C - CaOl 
■ - Theaom.was S = SiO», and H - H,0) were synthesized. X-ray E 

j: -1 — i- ; +u u-i dfee 



warmed at 80° until the soln. became pink. 

•»*./\yr . Ji.J 
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